IT HAS BEEN POINTED out by Gray and Whitesell,20 Rack and coworkers, 38 and others that patients with normal livers and portal pressures may bleed from esophageal varices produced by a number of causes. However, the varices associated with cirrhosis of the liver are secondary to the increased pressure caused by intrahepatic portal obstruction. PATHOGENESIS Since it is still not entirely clear just how this portal obstruction is produced we will summarize the chief working hypotheses and the plans of treatment that arise from them.
Normal Circulation of the Liver. The blood enters the liver from two sources: 60 per cent via the portal vein at a pressure approximating 1 cm. mercury; 40 per cent via the hepatic artery at a pressure of 10 to 13 cm. mercury. 33 There is one exit only, the hepatic vein. The small volume, highpressure hepatic arterial flow and the large volume low-pressure portal flow meet chiefly through the confluence of their terminals within the intralobular sinusoids that bathe the liver cells. 16 The sinusoids empty this combined circulation into the central veins of the lobules, and these in turn collect * Presented before the Southern Surgical Association, Hollywood Beach, Florida, December 7, 1954. Published with the permission of the Chief Medical Director, Department of Medicine and Surgery, Veterans Administration, who assumes no responsibility for the opinions expressed or the conclusions drawn by the authors. to form the hepatic veins. Normally the pressures of the two circulations as they join in the sinusoids is maintained in a delicately reciprocal balance under splanchnic nervous control. Schweigk43 demonstrated, for instance, that if the portal flow were stopped, the hepatic artery inflow would increase 50 to 100 per cent.
Hepatic Circulation in Portal Cirrhosis.
As pointed out by Mclndoe33 and Epplen,17 the normal vascular pattern just described is progressively replaced and distorted by death of liver cells and their irregular regeneration in nodules separated in a patternless manner by bands of condensed stroma and fibrosis. The new nodule is nearly devoid of sinusoids and comes to be supplied by arterial twigs alone, while the portal and hepatic venules are crowded together in the periportal scar tissue, divorced from the liver cells. Abnormal pre-sinusoidal shunts develop between the portal venules and the hepatic arterioles and venules.'7 21 34 Ultimate hepatic failure results if and when fibrosis finally excludes the arterial as well as the portal blood supply from the parenchymal cells. Obstruction to portal flow and secondary portal hypertension will develop in approximately 40 per cent of cases of cirrhosis. The extent of the collateral circulation around the liver was demonstrated by McIndoe.33 In normal livers, all of the fluid injected into the portal vein was recovered from the hepatic vein, whereas in the cirrhotic liver only 13 per cent was so recovered. Most authorities agree essentially with the morbid anatomy of cirrhosis as thus far 637 given. However, radically different schools of thought have grown up both as to the mechanism whereby this intrahepatic pathology produces portal obstruction, and also as to the appropriate method to correct it. Portal Obstruction through Arterio-Venous Shunt. From perfusion experiments, Herrick21 concluded that in cirrhosis the portal bed is actually greater than normal, and its perfusability is increased. Dock,14 perfusing with kerosene, found that the total portal and hepatic flow averaged 2420 ml. per minute in normal livers, 1880 ml. in nonalcoholic cirrhosis, and 2270 ml. in alcoholic cirrhosis. Herrick ascribed the portal obstruction and hypertension to the abnormal presinusoidal shunts, transmitting unreduced arterial pressures to the portal system. He found in his perfusion experiments that, in the normal liver, to raise the portal pressure by 0.1 cm. mercury, a 4.0 cm. rise in arterial pressure is required, while in cirrhosis this requires only a 0.6 cm. rise in arterial pressure. In this connection Dock found, on simultaneous perfusion of portal vein and hepatic artery, that opening the arterial flow decreased the concomitant portal flow 30 per cent in normal livers, 21 per cent in non-alcoholic cirrhosis, and 78 per cent in alcoholic cirrhosis.
These findings suggested to Rienhoff40 41 and Berman3 4that ligation of the hepatic and splenic arteries was the treatment of choice for portal hypertension, since this would reduce the intrahepatic vascular con-gestion and pressure head opposing portal flow. At the same time, sufficient arterial blood would enter the liver at reduced pressure via small collaterals. Blakemore,8 however, likened this procedure to single ligation of the artery of supply to an arteriovenous fistula of an extremity.
Mechanical Obstruction to Portal Flow. Mclndoe33 failed to corroborate Herrick's perfusion results, finding instead marked diminution of the portal bed and high resistance to perfusion. Gross and microscopic studies of cirrhotic livers convinced this author that the portal obstruction was mechanical, resulting from a combination of pressure from the nodules of regenerating liver cells, and the contraction of the periportal scar tissue. Kelty and coworkers2(; agreed essentially with this, though they found that the obstruction was due mainly to pressure of regenerating nodules. It was Mclndoe's suggestion, then, that since portal cirrhosis has already largely excluded the portal system from the liver parenchyma, a portal systemic shunt would at once reduce portal hypertension and the hazard of bleeding esophageal varices, and at the same time relieve intrahepatic stasis and allow freer arterial circulation, which, it will be recalled, is now the only blood supply to the regenerating liver cells.
Obstruction of Outflow Tract. Very recently Madden,32 by injecting the portal, hepatic arterial and hepatic venous systems with latex of different colors, demonstrated in cirrhotic livers fibrotic obstruction, not in the portal and arterial beds but in the hepatovenous outflow tract. On this basis he seeks to create collateral circulation between the portal and suprahepatic caval system by abrading and applying talc to the superior surface of the liver and the inferior surface of the diaphragm.
With this resume of the divergent interpretations of the pathogenesis of portal hypertension and of the differing plans of treatment arising therefrom, we will pass on to the clinical problem. Duration of time postoperative did not materially influence tendency of anastomosis to close. Thus, the nine widely patent stomata were: 3, 5, 8, 13, 13, 18, 21, 31 and 38 weeks postoperative at sacrifice.
Splenorenal Shunts
Completed shunts, using over-and-over stitch in all. 4 Died at conclusion of surgery . Partly patent at 18 weeks . Closed at 4 and 13 weeks. 2 Anastomoses were so small and veins so delicate that further trials were abandoned.
EMERGENCY TREATMENT
If esophageal bleeding is at an alarming rate or does not respond promptly to bed rest and transfusion, double balloon tamponage has become the first line of defense against exsanguination. In spite of our earlier enthusiasm and the encouraging reports on its use by Patton and Johnston36 and by Blakemore, 44 it has proved disappointing in our hands. Our experience is summarized in Table I . The high hospital mortality shown is, we believe, due to the advanced liver disease upon which are superimposed the hypoxia of hemorrhage, plus the heavy sedation and partial fasting associated with intubation. Bleeding was controlled at most nine times out of 20, and autopsy revealed six instances of shallow erosions of the lower esophagus attributed to the balloon by our pathologist. Since the tube frequently fails to control bleeding, we feel that it should be given a brief but careful trial during which blood replacement is pushed to the utnost. If there is evidence of continuing hemorrhage, the patient should be submitted without delay to esophagotomy for direct exposure and ligation of the bleeding varix.
Crile1' in 1949 first performed transthoracic esophagotomy and whipping over of varicose veins for patients with Banti's disease and esophageal hemorrhage. Both Crile12 and Linton29 reported favorable series of seven and 11 cases, respectively, in 1953. Neither author recommended the procedure as definitive for varices secondary to cirrhosis, but only to gain a period of ideal medical management before carrying out a shunt. Three of Linton's patients and one of Blakemore's5 bled again within three weeks to three months of the operation.
This procedure has been used eight times in this Center for uncontrollable bleeding varices associated with cirrhosis: five times by Dr. John S. Harter, once by Dr. James C. Drye, and twice by the author. In all cases bleeding was controlled, but in all but two cases the patients were nearly terminal and passed into fatal hepatic coma. Dr. Harter's two surviving patients have not bled further for about three years and one and one-half years, respectively. One of the author's patients was bleeding from some point in the upper esophagus, well above the reach of balloon tamponage or of direct surgical attack. The hemorrhage was at length controlled by ligating all visible varices within the opened lower esophagus with multiple figure of eight stitches.
ELECTIVE SURGERY
A number of different procedures have been tried in the treatment of varices, including packing the superior and posterior mediastina with gauze to stimulate collateral circulation,19 stripping the outer surface of the lower esophagus of its blood supply, plus vagotomy,20 resection of part or all of 640 Annals of Surgety M a y, 1 9 5 5 the stomach to prevent regurgitation of acid contents into the esophagus and erosion of varices,2 37 hepatic arterial ligation and portal-systemic shunts. To us, the most feasible treatment still appears to be the last mentioned, although of late arterial ligation has received considerable attention. Arterial Ligation. Table II summarizes the experience of 14 authors with ligation of the hepatic artery, splenic artery, and sometimes also the left gastric artery, in treating hemorrhage and ascites associated with cirrhosis. It will be noted that among the 87 cases that we collected from 14 authors there were 23 hospital deaths (mortality 26.4 per cent), and at least ten more deaths within a year postoperative. Bleeding recurred in 60 per cent of cases. Interestingly enough, ascites was relieved in 72 per cent of the 39 times arterial ligation was used, although some of these patients were in very poor condition. This phenomenon was recorded by both Rienhoff and Berman. Berman, Chenoweth, Altemeier, Jennings, Drye and Jahnke ligated the hepatic artery proximal to the gastroduodenal, whereas Rienhoff, Ferguson, Cooley, Madden, Smith and Desforges ligated distal to the gastroduodenal artery. Liver necrosis was mentioned eight times, six with ligation distal and two with ligation proximal to the gastroduodenal artery. Yet Rienhoff, with apparent impunity, when treating bleeding esophageal varices, ligated distal to the gastroduodenal artery and included also the splenic and left gastric arteries.
Dr. J. C. Drye, of the University Surgical Staff, ligated the hepatic and splenic arteries three times for bleeding varices secondary to intrahepatic portal obstruction. One patient died in the hospital of hepatic coma and uncontrolled ascites, and the two survivors bled again seriously within two and eight months, respectively. We no longer feel that this procedure should be employed for this condition.
Portacaval Shunts. With proper selection of cases the mortality of this procedure is no longer prohibitive, as shown in the following tabulation: Blakemore7, 1953 Between 6 per cent and 10 per cent of patients continue to bleed after shunt, though in some of these the hemorrhage is small or not repeated. By selection we imply excluding from surgery as far as possible patients who almost certainly will not survive a portacaval shunt, and also those whose degree of liver damage precludes more than a few months of life. This selection must rest upon a continuing correlation and evaluation of a careful history, and of prognostic signs and tests from as many observers as possible, and it is still subject to considerable individual variation. In this connection, Ratnoff and Patek39 found, in following 245 cirrhotics to ultimate death:
After ascites, 47 per cent survived six months, 32 per cent survived one year, and 17 per cent survived two years.
After jaundice, 44 per cent survived six months, 26 per cent survived one year, and 23 per cent survived two years.
After hematemesis, 60 per cent survived one month, 30 per cent survived one year, and thereafter the curve flattens out. Moser35 and co-workers observed that when the cirrhotic liver begins to regress rapidly in size, death usually occurs within two and one-half months. In Blakemore's6 experience, patients with ascites requiring a tap every five to ten days were dead within eight to 12 months. Our human operations have been performed with a background of 29 portacaval shunts, and four splenorenal shunts per-formed on dogs in the laboratory. The animal experimentation is summarized in Table  III . Trial was made of several types of instruments and suture technics. The everting mattress suture appeared somewhat superior to the over-and-over type in dogs, with little differential in portal systemic pressure. It is noteworthy that each of the four times that the portal vein was ligated between anastomosis and liver (Eck fistula) there was an associated partial closure of the anastomotic stoma. The experimental study of portacaval anastomosis by Jameson and coworkers24 is especially interesting. Sideto-side anastomoses were made, using an everting mattress stitch. None of the stomas 1.5 to 2 cm. in length closed, while 27 per cent of stomas 1.2 cm. or less in length closed. Twenty-five per cent of side-to-side anastomoses, 1.2 cm. in diameter, using the Carrell over-and-over stitch, closed.
The shunt operation has by now been fairly well standardized, but a few technical points will be mentioned.
Choice between portacaval and splenorenal anastomosis raises several considerations. If the spleen is large we prefer splenectomy and splenorenal shunt for three reasons: (1) The large spleen assures an adequate-sized vein and anastomosis. (2) Splenectomy will obviate hypersplenism.
(3) The procedure is slightly the safer of the two. On the other hand, if the spleen is relatively small, a portacaval anastomosis is advisable as it assures a stoma of at least 1.5 cm. diameter. If the portal vein and vena 642 cava are widely separated one must decide between an end-to-side shunt with ligation of the proximal stump of portal vein or a femoral vein graft between the two veins. In this connection, Blakemore5 determines portal pressure and after occluding the vein between the liver and the manometer needle, takes a second reading. If the pressure has risen less than 10 cm. water, it is assumed that very little portal circulation is any longer perfusing the liver, and division of the portal vein and end-to-side anastomosis is safe. A rise of over 10 cm. water indicates that there is still a fair portal circulation, and that a graft is probably the safer procedure. Jahnke and associates,22 on the other hand, routinely perform end-to-side portacaval anastomoses without, they think, any evidence of increased liver damage. The approach for a splenorenal shunt should usually be the left thoraco-abdominal in order to assure optimal exposure of the large spleen that so often has many dense vascular adhesions. We have previously also approached a portacaval shunt through a right thoraco-abdominal incision. However, we now incline to the Kerr right subcostal incision, as recommended by Large and coworkers.27 This will give adequate exposure, and at the same time reduce operating time and surgical trauma.
Although in the dog operations, a continuous everting mattress seemed superior to the over-and-over suture, in our anastomoses in humans we have used the overand-over Carrell technic. It everts reasonably well and can be performed more quickly and easily than the everting stitch. This is especially true in the smaller splenorenal anastomoses. In the three fatalities that came to autopsy, eight, 14 and 18 days postoperative, the stomata were all completely patent. One of these involved a short graft of femoral vein between the portal vein and inferior vena cava. The portal hypertension undoubtedly assists in maintaining patency. Our clinical experience thus far consists of nine completed and one incompleted shunt. (One of the successful portacaval shunts was performed recently by Dr. Harold Kleinert of the University Surgical Staff.) One splenorenal shunt was performed with mistaken diagnosis upon a patient with far-advanced Pick's polyserositis and uncontrollable ascites. He died the fourteenth postoperative day of lower nephron syndrome and liver failure. Autopsy revealed a patent anastomosis and partial left renal infarct. A portacaval anastomosis was also attempted in a patient with advanced alcoholic cirrhosis, highly abnormal liver tests, subelinical icterus and uncontrollable ascites but without hemorrhage or demonstrable varices. Operation had to be abandoned because of generalized wound bleed-643 ing which continued to fatal termination. Although excluded from this series by the absence of bleeding varices, it is mentioned as an example of poor judgment in attempting a shunt to control ascites alone, especially under such circumstances.
This leaves for analysis eight procedures, as shown in Table IV , with an over-all mortality of 37 .5 per cent. According to Blakemore's criteria, four were good risks with one death and four were poor risks with two deaths. The table gives the type of cirrhosis, the shunt used, data on portal pressures and the immediate postoperative outcome. Some of the pressure readings were difficult to understand. In F. C., whose postshunt pressure was 28 cm. water, the reading at subsequent exploration a year later for intestinal obstruction was down to 9.5 cm. J. N., re-explored during incisional hernia repair eight months postoperatively, had an initial portal pressure of 19 cm. and, on recheck, 40 cm. This was 12 cm. higher than the post-shunt pressure. However, his barium swallow and esophagoscopy, positive for varices prior to operation, are now both negative. The shunts in E. S. and J. W. failed appreciably to lower their portal pressures, yet both anastomoses were patent and varices have subsequently disappeared in E. S. and nearly so in J. W., whose shunt was done only four months ago. Table V outlines the findings in the goodrisk patients. None had clinical ascites, jaundice or other unfavorable tests. Preoperative liver tests on patient F. C. were not done, as he was explored under the diagnosis of bleeding ulcer. A hobnail liver with marked varices and a portal pressure of 39 cm. water were found. As bleeding at the moment was slight and the patient appeared otherwise in good condition, an immediate portacaval shunt was carried out. The cause of the fatal lower nephron syndrome in C. B. is unexplained, except on the basis of possible blood incompatibility during the operative transfusions. His pressure dropped below 90 mm. systolic twice for brief intervals only, iAMILTON Annals of Surgery IAMILTON~~~~~~M a y, 1 9 55 and the "H" graft between the portal vein and vena cava went smoothly and was found patent at autopsy 18 days later. His urine showed a gross hemoglobin sediment while he was still on the operating table. He was undoubtedly more seriously ill than the tests revealed. He had been hospitalized for 15 months, two years previously, for severe hepatitis followed by prolonged massive ascites requiring repeated taps. Also his prothrombin time could not be improved beyond 58 per cent. His tissues oozed very vigorously at surgery.
Data on the four poor-risk patients is presented in Table VI . On each patient two or more tests or findings deviated into the range of "bad risk" set by Blakemore,6 namely: Persistent ascites, bilirubin 1.2 mg. per cent or higher, albumin under 3.5 per cent, bromsulphalein retention of 35 per cent or more in 30 minutes, and cephalin flocculation +++ to++++. The two survivors, E. S. and J. W., showed elevated bilirubin and cephaline flocculation tests and markedly reduced prothrombin values despite prolonged therapy. It is probably significant that in both these patients there was excessive general wound bleeding. Patient R. T. was obviously a prohibitive surgical risk. At operation there was a continuous and massive exudation of lymph from the periportal and retroperitoneal tissues, in addition to excessive wound bleeding.
Postoperative Course. With the exception of a single minor and questionable episode reported by J. N. 30 months after shunt, none of the five patients surviving surgery have had any recurrence of bleeding since their operations performed 49, 36, 33, 16 and four months ago. Preoperative barium swallow revealed varices in all patients but F. C., who underwent the emergency portacaval anastomosis. Postoperative barium swallow and esophagoscopy have been entirely negative in all but J. W., operated upon just four months ago. In his case a probable small varix still is visualized just above the cardia. 644
The physical condition of the survivors does not appear to have been significantly altered by surgery, and none can be termed really well. Two who still drink heavily have deteriorated somewhat, and a third, who never imbibed, has been readmitted several times for persistent liver damage and intercurrent renal disease not present at the original admission.
In Table VII are recorded the pertinent liver tests and findings on the same five patients from preoperative, through early postoperative to present date. It appears that there is a tendency, after a definite worsening just after surgery, to return to preoperative status but not to an improvement of it. In short, these few patients appear to have gained, thus far at least, protection against hemorrhage, but no improvement in liver function. SUMMARY 1. The pathogenesis of intrahepatic portal obstruction and hypertension is discussed, together with special emphasis on the divergent rationales underlying hepatic artery ligation and portal-systemic shunts.
2. Our emergency treatment of bleeding varices by double balloon tamponage and by transesophageal ligation of varices is so far discouraging. It might be improved by more heroic blood replacement and earlier resort to ligation of varices.
3. The efficacy of arterial ligation to date in the treatment of ascites and bleeding esophageal varices is reviewed. Our limited experience and that of others seriously questions the safety of the procedure, as well as its effectiveness against hemorrhage. 4. Our experimental portal-systemic shunts in dogs are briefly outlined. 5. The five portacaval and three splenorenal shunts performed in this Center are analyzed. The mortality was 25 per cent among the four good-risk patients and 50 per cent among the four poor-risk patients. Except for one minor and unverified episode, none of the five who survived have bled further. Their general health and liver function, following a temporary decline after operation, have tended to return to a level not significantly better or worse than before shunt. ADDENDA Patients F. C. and E. S. died out of hospital on December 17, 1954, and January 12, 1955, respectively; the former from massive hematemesis, the latter apparently from coronary occlusion. 
